Biodegradability factor in organic-clay sorption* (Received 15 May 1970) THiS laboratory is concerned with the role of clay minerals of colloid dimensions in natural water systems as potential condensation nuclei for transport of organic substances. Research involves dilute aqueous systems of /~g]l to mg/l concentrations of sorbent and sorbate. Preliminary results were unpredictably variable despite careful laboratory procedures. Eventually, this was attributed to contamination by biological organisms which utilized the organic carbon source. The purpose of this communication is to document this biological effect.
The C-14 tagged organic sorbates included phenol, substituted phenol and several fatty acids. The clay minerals were a highly-purified sodium montmorillonite and sodium kaolinite. Their preparation and characterization have been described (Luh and Baker, 1970a) . Cation exchange capacities are 115 and 17 m-equiv, per 100g and surface areas (as measured by the BET nitrogen sorption technique) are 78.2 and 21.3mZ/g respectively. Kaolinite mean particle diameter is 0.2/x with 96 per cent <0-6 ~. Montmorillonite particulates are estimated to be of comparable size. Figure 1 depicts the instability of selected, nonsterilized phenol solutions ranging in initial concentration from 12.5 to 200 mg/l. Instability rates of such blanks varied from sample to sample but losses are especially severe as initial organic concentration decreases. Loss from the 12.5 mg/l phenol solution was 35 per cent after 4 days.
Once biodegradation was suspect the following sterile procedures were adopted in making sorption experiments. All glassware, dilution water, clay suspensions and *Abstracted from a presentation made before the 25th Industrial Waste Conference, May 5-7, 1970, Purdue University, Lafayette, Indiana. The study was supported under Grant EC00186-02 Environmental Control Administration, Consumer Protection and Environmental Health Service, Public Health Service, Department of Health, Education and Welfare. chemical stock solutions were sterilized. Sterile techniques were practiced in sample preparation. Solutions were prepared in 60ml, serum-stoppered bottles. The stoppers were boiled for 2hr and then rinsed with sterilized, deionized water prior to use. A 38 ml volume of solution containing the organic chemical was first added to the sample bottle. A suspension of clay was prepared separately. These solutions and all blank samples carried through the test series were adjusted to the desired pH by 4N NaOH or 4N HCI. The organicand clay-containing solutions were sterilized for 15 min at 121-126~ After the solutions cooled, 2ml of clay suspension or 2 ml of dilution water in the case of blanks were added to the 60 ml sample bottle. Transfer was by sterile, disposable plastic syringes using 7-6cm long, 19gauge hyperchrome stainless steel needles. The 
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needles were sterilized under a heat lamp at about 200~ for at least a 89 hr prior to use. The initial organic and clay concentrations were adjusted to yield the desired final organic:clay ratios when they were mixed to a total of 40 ml volume. The instant of mixing was the beginning of sorption experiment. Three blanks and three sample replicates are employed in most cases. Details of the separation and analytical procedures are reported elsewhere (Luh and Baker, 1970b) . The effectiveness of the sterile procedures is demonstrated by the stability of blank phenol solutions over periods exceeding 250 hr, Fig. 2 . The phenol concentration was at 10~g/1, 1 and 100 mg/l. The mean ratio of phenol measured to phenol initially present is 1.02 with standard deviation, o-= 0-03. All but one value lie within +2o,. These techniques were applied to sorption studies which showed that valeric acid, n-hexanoic acid, phenol, m-cresol and 2,4 dichlorophenol did not sorb onto the clays. However, m-aminophenol and 2,4 diaminophenol did sorb when solutions were in the acidic pH (Luh and Baker, 1970b) . The sterile techniques have been applied in determining sorption of organic materials by activated carbon. Sorption studies from aqueous solutions which involve micromolar quantities of organic sorbates are subject to biological influence. Biodegradation is usually characterized by an exponential rate law akin to the empirical Freundlich adsorption isotherm. Thus, sterile procedures should be utilized to preclude undesired and cedures should be utilized to preclude undesired and misleading biodegradation effects in sorption investigations.
